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(54) Method of recycling rigid polyurethane foam 



(57) The present invention provides a method of 
manufacturing a rigid polyurethane foam material, a 
method of manufacturing a refrigerator using the mate- 
rial, and a refrigerator manufactured by the same meth- 
od. The method includes recovering highly purified rigid 
polyurethane foam from a scrapped refrigerator and de- 
composing the rigid polyurethane foam for recycling. 
The method includes steps of: shredding a scrapped re- 
frigerator containing rigid polyurethane foam in order to 
separate rigid polyurethane foam lumps; grinding the 
rigid polyurethane foam lumps into a rigid polyurethane 
foam powder; liquefying the rigid polyurethane foam 
powder by either aminolysis reaction or glycolysis reac- 
tion; reacting thus obtained liquefied rigid polyurethane 
foam powder and supercritical/sub -critical water in order 
to decompose the rigid polyurethane foam powder into 
a crude material; and fractionating the crude material to 
obtain a raw material of rigid polyurethane foam. 
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Description 

[0001] The present invention relates to a technology 
for recycling rigid polyurethane foam. More specifically, 
the present invention relates to a technology to decom- 
pose rigid polyurethane foam to recycle it as a material 
of an insulator of a refrigerator or the like. 
[0002] From a viewpoint of resource conservation, re- 
cycling of scrapped household electric appliances such 
as refrigerators and televisions has been emphasized, 
and various endeavors have been undertaken for that 
purpose. In recycling of refrigerators, metallic materials 
such as iron plates and copper pipes can be recycled 
with relative ease. However, plastics, especially rigid 
polyurethane foam as a thermosetting resin, which is 
commonly used for insulators, is difficult to melt and re- 
cycle. Generally, such plastics are disposed of in re- 
claimed lands or incinerated, or they are reused as fill- 
ers. 

[0003] Under this condition, techniques to decom- 
pose polymer materials by treating with supercritical wa- 
ter and sub-critical water have been proposed. For ex- 
ample, JP-A-1 0-31 0663 suggests a method for decom- 
posing and recycling polyurethane resin. The reference 
describes decomposition of polyurethane resin by using 
supercritical or sub-critical water in order to recover 
starting compounds of the polyurethane resin or availa- 
ble starting derivatives. Japanese Patent No. 2885673 
describes decomposing polymer materials by using su- 
percritical or sub-critical water in order to decompose 
the materials into oils. 

[0004] However, since rigid polyurethane foam in- 
cluded in a scrapped refrigerator is covered with an iron 
plate or with an ABS resin, it cannot be decomposed by 
treating with supercritical water. Various polymer mate- 
rials used for interior members of a refrigerator, such as 
polypropylene resin, can be decomposed by using su- 
percritical water or sub-critical water. However, when 
the members are decomposed together, various result- 
ing low molecular weight materials will be melted as im- 
purities in the mixed materials. As a result, the material 
cannot be reused for a rigid polyurethane foam material. 
[0005] Therefore, for the purpose of industrial recy- 
cling, discrimination of rigid polyurethane foam from 
scrapped refrigerators is the most important to recycle 
starting compounds of polyurethane resin or any avail- 
able starting derivatives. The rigid polyurethane foam is 
requested to be free of dissimilar materials or impurities. 
Another fundamental aim is to establish waste treatment 
for decomposing and recycling iron and non-ferrous 
metals and providing a high recycling rate as an entire 
system. 

[0006] The chemical structure of rigid polyurethane 
foam to be decomposed affects the determination on 
starting compounds of polyurethane resin obtainable by 
decomposition and available starting derivatives. The 
factors vary depending on the materials of the original 
rigid polyurethane foam. Therefore, it is important to se- 



lect a method of manufacturing materials suitable forthe 
original rigid polyurethane foam. 
[0007] Still another aim for recycling is to use poly- 
urethane resin compounds obtainable by decomposi- 
5 tion and available derivatives, and reuse the materials 
for insulators of refrigerators. 

[0008] A critical problem is that when rigid poly- 
urethane foam used in a scrapped refrigerator is not 
identified properly, suitable methods for treating and 
10 manufacturing cannot be determined, and this prevents 
recycling. 

[0009] In order to solve the problem described above, 
the present invention provides a method of manufactur- 
ing a raw material of rigid polyurethane foam, a method 

15 of manufacturing a refrigerator from recycled rigid poly- 
urethane foam, and a refrigerator so that the recycling 
rate for scrapped refrigerators is improved, and thus, the 
present invention serves for resource conservation. 
[0010] The method includes steps of shredding a 

20 scrapped refrigerator containing rigid polyurethane 
foam in order to obtain rigid polyurethane foam lumps, 
grinding the lumps in order to obtain a rigid polyurethane 
foam powder, liquefying the rigid polyurethane foam 
powder by either an aminolysis or glycolysis reaction, 

25 and reacting the thus obtained liquefied rigid poly- 
urethane foam powder with a supercritical water or sub- 
critical water in order to decompose the rigid poly- 
urethane foam. 

[0011] Accordingly, rigid polyurethane foam free of 

30 impurities such as resins can be extracted on an indus- 
trial scale from a rigid polyurethane foam lump con- 
tained in a scrapped refrigerator. It should be specifically 
noted that since the rigid polyurethane foam is liquefied, 
fragments of impurities such as other polypropylene res- 

35 ins can be filtered to obtain a pure composition of hard 
polyurethane foam. By treating the liquefied rigid poly- 
urethane foam powder with supercritical or sub-critical 
water, the composition can be decomposed into amines 
and polyol of rigid polyurethane foam having substan- 

40 tially no impurities. 

[0012] Preferably in the above method, the rigid poly- 
urethane foam powder is liquefied by mixing with an ad- 
ditive comprising at least one compound selected from 
ethylene glycol, propylene glycol, monoethanolamine 

45 and tolylenediamine before heating. Since the com- 
pound serves to decompose and liquefy a part of the 
urethane bonding selectively, fragments of impurities 
can be removed efficiently. 

[0013] Preferably in the above method, a ratio of the 
50 additive to the rigid polyurethane foam powder is from 
0.4:1 to 5.0:1 by weight, and the reaction temperature 
ranges from 100 to 250°C. 

[0014] Preferably in the above method, a ratio of the 
supercritical/subcritical water to the liquefied rigid poly- 
55 urethane foam powder is from 0.4:1 to 5.0:1 by weight, 
and the liquefied rigid polyurethane foam powder is re- 
acted with the supercritical/sub-critical water at a tem- 
perature ranging from 190 to 400°C and at a pressure 
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ranging from 1 0 to 25MPa. 

[0015] Preferably in the above method, an average 
particle diameter of the rigid polyurethane foam powder 
ranges 1um to 3mm. 

[0016] Preferably in the method., the rigid poly- 5 
urethane foam is manufactured by foaming either a 
diphenylmethane diisocyanale composition or a 
tolylene diisocyanate composition. 
[0017] A method of manufacturing rigid polyurethane 
foam according to the present invention comprises 10 
steps of: 

shredding a scrapped refrigerator including rigid 
polyurethane foam in order to separate lumps of rig- 
id polyurethane foam.. 15 
grinding the rigid polyurethane foam fumps into a 
rigid polyurethane foam powder, 
liquefying the rigid polyurethane foam powder by an 
aminolysis reaction or a glycolysis reaction, 
reacting the liquefied rigid polyurethane foam pow- 20 
der with either supercritical water or sub-critical wa- 
ter in order to decompose the rigid polyurethane 
foam powder to obtain a crude material, 
fractionating the crude material, and subsequently 
addition-polymerizing the fractionated ingredient 25 
with at least one of ethylene oxide and propylene 
oxide in order to synthesize polyetherpolyol. 

[0018] A method of manufacturing rigid polyurethane 
foam according to the present invention comprises 30 
steps of: 

shredding a scrapped refrigerator including rigid 
polyurethane foam in order to separate lumps of rig- 
id polyurethane foam, 35 
grinding the rigid polyurethane foam lumps into a 
rigid polyurethane foam powder, 
liquefying the rigid polyurethane foam powder by an 
aminolysis reaction or a glycolysis reaction, 
reacting the liquefied rigid polyurethane foam pow- io 
der with either supercritical water or sub-critical wa- 
ter in order to decompose the rigid polyurethane 
foam powder to obtain a crude material, and 
fractionating the crude material and subsequently 
synthesizing isocyanate by using the fractionated 45 
ingredient as a starting material. 

[0019] It is preferable in the present invention that the 
crude material is obtained by decomposing rigid poly- 
urethane foam made from a tolylene diisocyanate com- 50 
position. 

[0020] Accordingly, the tolylene diisocyanate-based 
rigid polyurethane foam used for a refrigerator insulator 
can be recycled easily on an industrial scale. Particular- 
ly, tolylenediamine-based polyetherpolyol can be syn- 55 
thesized from tolylenediamine as one of the fractionated 
ingredients after fractionating crude materials obtained 
by treatment with supercritical water or sub-critical wa- 



ter. Moreover, tolylene diisocyanate can be synthesized 
from the tolylene diamine. Materials for manufacturing 
rigid polyurethane foam can be recycled from scrapped 
refrigerators in this manner. 

[0021] A method of manufacturing materials of the rig- 
id polyurethane foam includes steps of: 

shredding a scrapped refrigerator comprising rigid 
polyurethane foam in order to separate rigid poly- 
urethane foam lumps, 

grinding the rigid polyurethane foam lumps into a 
rigid polyurethane foam powder, 
liquefying the rigid polyurethane foam powder by 
using either aminolysis reaction or glycolysis reac- 
tion, 

reacting the liquefied rigid polyurethane foam pow- 
der with either supercritical water or a sub-critical 
water in order to decompose the rigid polyurethane 
foam into a crude material, and 
synthesizing polyetherpolyol by addition polymeri- 
zation between the crude material and ethylene ox- 
ide and/or propylene oxide. 

[0022] Preferably in the present invention, the crude 
material is obtained by decomposing rigid polyurethane 
foam made from a diphenylmethane diisocyanate com- 
position. 

[0023] Accordingly, rigid polyurethane foam made 
from a composition of diphenylmethane diisocyanate, 
which is used for an insulator of a refrigerator, can be 
recycled on an industrial scale. More specifically, the 
present invention enables the synthesis of the polyol 
from an amine initiator obtained by a treatment with su- 
percritical water or sub-critical water. This serves to re- 
cycle rigid polyurethane foam materials. 
[0024] In the present invention, a method of manufac- 
turing a refrigerator includes steps of: 

shredding a scrapped refrigerator comprising rigid 
polyurethane foam in order to separate rigid poly- 
urethane foam lumps, 

grinding the rigid polyurethane foam lumps into a 
rigid polyurethane foam powder, . 
liquefying the rigid polyurethane foam powder by 
using either aminolysis reaction or glycolysis reac- 
tion, 

reacting the liquefied rigid polyurethane foam pow- 
der with either supercritical water or a sub-critical 
water in order to decompose the rigid polyurethane 
foam into a crude material, 

fractionating the crude material into a fractionated 
ingredient and a residue, 

mixing isocyanate prepared from the fractionated 
ingredient as an initiator, the residue, a surfactant 
agent, a catalyst and a foaming agent, 
injecting the mixture in a gap between an inner liner 
and an outer case of a refrigerator, and 
foaming and curing the mixture. 
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[0025] Preferably in the method the rigid poly- 
urethane foam is made from a tolylene diisocyanate 
composition. 

[0026] Accordingly, materials obtained by decompos- 
ing and synthesizing rigid polyurethane foam can be re- 
used, and thus, a refrigerator containing such rigid poly- 
urethane foam can be recycled several times in order to 
serve for resource conservation. 

[0027] In the present invention, a refrigerator is man- 
ufactured by mixing polyetherpolyol, a surfactant agent, 
a catalyst, a foaming agent and isocyanate, injecting the 
mixture in a gap between an inner liner and an outer 
case of the refrigerator and foaming-curing the mixture 
therein. The polyetherpolyol contains an ingredient of 
polyetherpolyol prepared by the following steps of: 

shredding a scrapped refrigerator comprising rigid 
polyurethane foam in order to separate rigid poly- 
urethane foam lumps, 

grinding the rigid polyurethane foam lumps into a 
rigid polyurethane foam powder, 
liquefying the rigid polyurethane foam powder by 
using either aminolysis reaction or glycolysis reac- 
tion, 

reacting the liquefied rigid polyurethane foam pow- 
der with either supercritical water or a sub-critical 
water in order to decompose the rigid polyurethane 
foam into a crude material, and 
subjecting the crude material to addition polymeri- 
zation with ethylene oxide and/or propylene oxide. 

[0028] Preferably, the rigid polyurethane foam is 
made from a composition of diphenylmethane diisocy- 
anate. 

[0029] In this way, polyetherpolyol can be obtained 
from rigid polyurethane foam made from a diphenyl- 
methane diisocyanate composition used as a refrigera- 
tor insulator, and the polyetherpolyol can be reused as 
a material for rigid polyurethane foam. The thus ob- 
tained refrigerator serves for resource conservation and 
it is environmentally-friendly, Needless to say, such re- 
frigerators can be recycled. 

[0030] Furthermore, a refrigerator in the present in- 
vention is manufactured by filling rigid polyurethane 
foam, and the refrigerator is provided with a means such 
as a label to identify materials of the rigid polyurethane 
foam used as an insulator. 

[0031] In the present invention, materials of rigid poly- 
urethane foam contained in a scrapped refrigerator can 
be discriminated. Therefore, the materials can be sep- 
arated from a scrapped refrigerator and recycled easily 
since it is possible to determine suitable methods for 
treating and manufacturing materials. 
[0032] Preferably, the rigid polyurethane foam to be 
discriminated is manufactured by foaming a material 
containing at least one composition selected from a 
tolylene diisocyanate composition, a diphenylmethane 
diisocyanate composition, and a mixture thereof, and 



the material is identified on the color tones. 
[0033] Accordingly, the material composition of rigid 
polyurethane foam contained in a scrapped refrigerator 
can be identified based on the color tones whether it is 

5 a tolylene diisocyanate composition, a diphenylmeth- 
ane diisocyanate composition, or a mixlure thereof. As 
a result, suitable methods for treating and manufactur- 
ing raw materials can be determined and recycling pro- 
cedures can be simplified. In addition, this serves to pre- 

10 vent errors in treatment and manufacturing operations. 
[0034] Preferably, a means for identifying materials is 
displayed or recorded on a seal cap covering an injec- 
tion hole. Such a hole is formed on the outer case or on 
the backside of the refrigerator in order to inject a raw 

15 material of polyurethane. 

[0035] Accordingly, recycling operations can be per- 
formed suitably and efficiently for every urethane mate- 
rial in recycling facilities. The identifying means will help 
operators to determine treatment of the rigid poly- 

20 urethane foam. 

[0036] A refrigerator according to the present inven- 
tion contains an insulator of polyurethane foam manu- 
factured from a material containing an ingredient pre- 
pared by any of the above-mentioned methods. 

25 [0037] The present invention provides a resource- 
conservative refrigerator, since the rigid polyurethane 
foam material is obtained from a tolylene diisocyanate 
composition or a diphenylmethane diisocyanate compo- 
sition as products of decomposition and synthesis of rig- 

30 id polyurethane foam used for a refrigerator insulator. 
Due to the identifying means, the rigid polyurethane 
foam insulator contained in a scrapped refrigerator can 
be recycled easily. 

[0038] Since polyetherpolyol obtained by re-synthe- 
35 sizing is reused for a rigid polyurethane foam material, 
the present invention can provide refrigerators serving 
for resource conservation. Moreover, the rigid poly- 
urethane foam insulator contained in a scrapped refrig- 
erator can be recycled due to the identification ability. 
40 [0039] As mentioned above, the present invention 
provides a method of treating waste, and the method 
includes: 

a stage of shredding waste such as a refrigerator 
45 comprising rigid polyurethane foam, 

a stage of sorting the shredded waste into iron, non- 
ferrous metals, rubbers or the like, 
a stage of treating foamed insulator, and this stage 
includes a step of pulverizing rigid polyurethane 
50 foam lumps by using grinding means or compress- 
ing means; 

a stage of recycling, and this stage includes lique- 
fying the rigid polyurethane foam powder by using 
aminolysis reaction or glycolysis reaction, filtering 
55 the liquefied rigid polyurethane foam powder to re- 
move impurities such as resin fragments and me- 
tallic fragments and subsequently decomposing the 
material of the rigid polyurethane foam into amines 
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and starting compound of rigid polyurethane foam 
by using reaction with supercritical water or sub-crit- 
ical water. 

[0040] FIG. 1 is a flow chart showing a process of a 
First Embodiment of the present invention. 
[0041] FIG. 2 is a flow chart showing a process of a 
Second Embodiment of the present invention. 
[0042] FIG. 3 is a cross-sectional view showing an in- 
sulator cabinet during a process of manufacturing a re- 
frigerator according to a Third Embodiment of the 
present invention. 

[0043] FIG. 4 is a perspective view of a refrigerator of 
the Third Embodiment of the present invention. 
[0044] FIG. 5 is a flow chart showing a process of a 
Fourth Embodiment of the present invention. 
[0045] FIG. 6 is a cross-sectional view showing an in- 
sulator cabinet during a process of manufacturing a re- 
frigerator according to the Fourth Embodiment of the 
present invention. 

[0046] FIG. 7 is a perspective view of a refrigerator 
according to a Fifth Embodiment of the present inven- 
tion. 

[0047] FIG. 8 is a perspective and partially cutaway 
view of a refrigerator according to a Sixth Embodiment 
of the present invention. 

[0048] FIG. 9 is a perspective and partially cutaway 
view of another refrigerator according to the Sixth Em- 
bodiment. 

[0049] FIG. 10 is a perspective view of a refrigerator 
according to a Seventh Embodiment of the present in- 
vention. 

[0050] FIG. 11 is a perspective view of a refrigerator 
according to an Eighth Embodiment of the present in- 
vention. 

[0051] FIG. 12 is a perspective view of a refrigerator 
according to a Ninth Embodiment of the present inven- 
tion. 

[0052] FIG. 1 3 is a flow chart showing a process of a 
Tenth Embodiment of the present invention. 
[0053] FIG. 14 is a perspective view of a refrigerator 
according to an Eleventh Embodiment of the present in- 
vention. 

[0054] FIG. 15 is a flow chart showing a process of a 
Twelfth Embodiment of the present invention. 
[0055] FIG. 16 is a perspective view of a refrigerator 
according to Thirteenth Embodiment of the present in- 
vention. 

[0056] FIG. 1 7 is a flow chart showing a process of a 
Fourteenth Embodiment of the present invention. 
[0057] FIG. 18 is a perspective view of a refrigerator 
according to a Fifteenth Embodiment of the present in- 
vention. 

[0058] FIG. 19 is a perspective view of a refrigerator 
according to a Sixteenth Embodiment of the present in- 
vention. 

[0059] The present invention relates to a process for 
discriminating a raw material of rigid polyurethane foam 



used in a refrigerator and for recycling the polyurethane 
foam suitably. More specifically, the present invention 
serves to recycle waste suitably for every rigid poly- 
urethane foam material in order to improve the recycling 

5 rate concerning scrapped refrigerators and to help re- 
source conservation. Since raw materials of rigid poly- 
urethane foam used in scrapped refrigerators can be 
identified, suitable methods for treating and manufac- 
turing can be selected, and this facilitates recycling. 

10 [0060] Embodiments for refrigerators of the present 
invention will be described below with reference to FIGs. 
1-6. 

(First Embodiment) 

15 

[0061 ] FIG . 1 is a flow chart to show a process of treat- 
ing waste in a First Embodiment of the present inven- 
tion. 

[0062] First, a process of treating waste will be ex- 

20 plained below. Waste is carried in through an inlet 21 
(carrying in materials) of a shredding stage 1 and shred- 
ded before being transported to a sorting stage 2. In this 
sorting stage 2, the waste is classified into heavy and 
light wastes, each of them is separated further and re- 

25 covered. In a stage 3 of treating foamed insulator, foam- 
ing gas and rigid polyurethane foam contained in a re- 
frigerator are recovered. Next, the discharged rigid poly- 
urethane foam is transported to a recycling stage 4, and 
decomposed into amines and compounds of rigid poly- 

30 urethane foam. 

[0063] The treatment will be explained in detail by re- 
ferring to FIG. 1 . In FIG . 1 , waste that is fed into a waste- 
treating facility is carried into the shredding stage 1 
through an inlet 21 . For a refrigerator, a refrigerant in 

35 the freezer is removed in advance. Then the waste is 
transported via a conveyor 22 to a pre-shredder 23. 
[0064] The waste is roughly shredded in the pre- 
shredder 23, and fed to a uniaxial car shredder 24 hav- 
ing an output of about 1000HP in order to be shredded 

40 finely. 

[0065] During the sorting stage 2, an oscillating con- 
veyor 25 arranged below the outlet of the car shredder 
25 is used to separate light waste from iron , non-ferrous 
metals and rubbers before the waste is further transport- 
's ed by a belt conveyor 26. 

[0066] Waste containing ferrous metals is separated 
from the remainder by a magnetic sorter 27, an oscillat- 
ing conveyer 28 and a magnetic separating drum 29. 
[0067] In a following step : lightweight dust generated 
50 due to the operations of the conveyer 26 and of the mag- 
netic sorter 27 is collected by a duct 27A and transported 
to be subjected to a dust collecting stage. 
[0068] The waste separated by the magnetic separat- 
ing drum 29 is transported by a conveyer 30. The waste 
55 is subjected to manual separation 31 on the conveyer 
30 into iron and the remainder such as motor chips and 
cables. Iron that is selected by hand (31) is transported 
by a conveyer 32 to a truck. Wastes such as motor chips 
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and cables are separated by hand. 
[0069] After the separation by the magnetic separat- 
ing drum 29, wastes that do not include any ferrous met- 
als are transported by conveyers 52 and 54. Non-fer- 
rous metals are separated by hand (53) during the waste 5 
is transported by the conveyers 52, 54 and the remain- 
ing waste that contains dust such as rubbers is separat- 
ed and collected. 

[0070] Rigid polyurethane foam that has been sepa- 
rated in the shredding stage 1 passes through a duct 33 
in order to be aspirated by a cyclone 35 in a stage 3 of 
treating foamed insulator. The cyclone 35 separates and 
collects comparatively large lumps of rigid polyurethane 
foam. Foaming agent (blowing agent) gas in the rigid 
polyurethane foam passes through a bag filter 36 : and 
is recovered by a collecting device 37. Fragments of the 
rigid polyurethane foam are caught by the bag filter 36. 
[0071] The lumps and fragments of rigid polyurethane 
foam are then fed to a machine 41 for volume-reducing. 
The machine 41 is composed of a press and a screw 
compressor. The machine 41 grinds and pulverizes the 
lumps and fragments of the rigid polyurethane foam by 
using shearing force at a time of compression in order 
to reduce the volume of the rigid polyurethane foam. 
Since a foaming agent gas is dissolved in the rigid poly- 
urethane foam, the rigid polyurethane foam is heated at 
a temperature from 20 to 150°C or preferably, 90 to 
130°C under an atmospheric pressure at a time of com- 
pressive grinding in order to evaporate and recover the 
gas efficiently. 

[0072] There is no specific limitation on the size or 
shape of a rigid polyurethane foam powder in the 
present invention. In general, the average particle diam- 
eter ranges from 1um to 3mm. Preferably, the diameter 
ranges from 1u,m to 1mm, and more preferably, from 
1u,m to 500u.m. An average particle diameter of less 
than 1jim is unfavorable from an economic viewpoint 
since the particle is difficult to be divided further on an 
industrial scale. When the average particle diameter ex- 
ceeds 3mm, liquefaction efficiency is lowered due to the 
decreased specific surface area. 

[0073] The rigid polyurethane foam pulverized in the 
stage 3 is fed to a reaction vessel 42. In a recycling stage 
4, the pulverized rigid polyurethane foam is liquefied in 
the reaction vessel 42 by a glycolysis or aminolysis re- 
action operation. In the operation, the rigid polyurethane 
foam is mixed with additives and heated. The additives 
include, for example, ethylene glycol, propylene glycol, 
monoethanolamine and tolylenediamine. Each additive 
can be used alone or as a mixture with other additives, 
and the mixing ratio can be determined arbitrarily. 
[0074] In the glycolysis reaction or aminolysis reac- 
tion, the mixing ratio of the rigid polyurethane foam pow- 
der to the additives is 1 :0.4 to 1 :5.0 by weight. A prefer- 
able ratio is 1 :0.5 to 1 :3.0. When the additive content is 
less than 0.4, efficient liquefaction will not be obtainable. 
When the content exceeds 5.0, a large reactor will be 
required. Moreover, since the ratio of polyurethane 



waste is lowered, the energy efficiency for treating 
waste per volume deteriorates in a supercritical/sub-crit- 
ical decomposition in the following stage. The reaction 
is performed under an atmospheric pressure at a tem- 
perature ranging from 1 00 to 250°C ; or preferably rang- 
ing from 150 to 200°C. Though the reaction period is 
typically from 1 to 12 hours, it differs depending on some 
factors such as reaction temperatures, variations of rigid 
polyurethane foam and additives, and the mixing ratios. 
For facilitating the reaction, a catalyst such as metallic 
compounds, e.g., barium acetate and thallium acetate, 
or an acidic catalyst can be used, and such a catalyst 
can be used alone or with other catalysts. 
[0075] After particles of impurities are removed by a 
filter 43, the mixture of rigid polyurethane foam is intro- 
duced into a reactor 44 together with high temperature- 
and-high pressure water and retained under a supercrit- 
ical or sub-critical condition for about 5 minutes to 1 hour 
in order to promote a separation reaction. The water is 
added in a volume ratio of 0.4-5.0, or preferably 0.5-3.0 
to the liquefied rigid polyurethane foam powder obtained 
in the glycolysis and/or aminolysis reaction. When the 
water content ratio is less than 0.4, the fluidity will be 
insufficient, and this will hinder efficient decomposition. 
When the ratio exceeds 5.0, the efficiency deteriorates 
since the decomposition efficiency is close to saturation. 
In addition to that, since it requires a large reactor, the 
energy amount for a subsequent dehydration is in- 
creased. The reaction pressure range is from 10 to 
25MPa, or preferably, from 18 to 22MPa. The reaction 
temperature range is from 190 to 400°C, or preferably, 
from 250 to 350°C. There is no specific limitation on 
means for filtering the fragments of impurities, but any 
suitable methods of known techniques can be used. 
[0076] The liquefied rigid polyurethane foam powder 
discharged after the separation reaction is fed to a de- 
hydrating tower 45 to remove water, carbon dioxide or 
the like, so that amines and a compound of a rigid poly- 
urethane foam material are obtained. 

(Second Embodiment) 

[0077] FIG. 2 is a flow chart to show a method of man- 
ufacturing a raw material according to this embodiment 
of the present invention. 

[0078] A process of treating waste is explained below. 
Further explanation is omitted for treatments corre- 
sponding to those of the First Embodiment. 
[0079] In this embodiment, waste is a scrapped refrig- 
eratororthe like containing rigid polyurethane foam, and 
the rigid polyurethane foam is made from a diphenyl- 
methane diisocyanate composition. First, the waste is 
fed to a shredding stage 1 and subsequently to a sorting 
stage 2. In the sorting stage 2, the shredded waste is 
classified into heavy waste and light waste, and further 
separated into materials to be recovered. In a stage 3 
of treating foamed insulator, rigid polyurethane foam 
and foaming gas contained in a refrigerator are recov- 
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ered. 

[0080] In a recycling stage 4, the rigid polyurethane 
foam is mixed with ethylene glycol and heated to be liq- 
uefied. The liquefied rigid polyurethane foam powder is 
filtered to remove particles of impurities and then it is 
decomposed at a temperature of 260°C under a pres- 
sure of 20MPa. Subsequently, water is evaporated and 
a raw material compound (polyetherpolyol) of rigid poly- 
urethane foam and amines (e.g., p-methylenedianiline) 
are created as a result of decomposition. Aromatic 
amines created by the decomposition are then treated 
by a system 47 for addition polymerization with ethylene 
oxide and/or propylene oxide, so that polyetherpolyol 
having an OH value of 450mgKOH/g is produced. 
[0081] The method of adding ethylene oxide and/or 
propylene oxide is not specifically limited., but other 
known methods can be used suitably. 
[0082] The OH value of the polyetherpolyol is not spe- 
cifically limited. Considering the hardness of rigid poly- 
urethane foam or some other factors, the OH value is 
preferably from 160 to 935mgKOH/g when a diphenyl- 
methane diisocyanate composition is used. 
[0083] In the method of manufacturing refrigerators, 
rigid polyurethane foam can be manufactured from re- 
cycled polyetherpolyol together with newly-added poly- 
etherpolyol. The content ratio can be decided arbitrarily, 
however, it is preferable that recycled polyetherpolyol is 
included in an amount of at least 30wt%, or 50wt% to 
the entire polyol in view of resource conservation. 
[0084] The polyetherpolyol that can be added to the 
recycled polyetherpolyol is selected from, for example, 
compounds that are produced by adding certain 
amounts of ethylene oxide, propylene oxide or styrene 
oxide to at least one polyfunclional alcohol or polyfunc- 
tions! amine. The compounds can have blocked end 
groups. The polyfunctional alcohol is selected from, for 
example, ethylene glycol, diethylene glycol, triethylene 
glycol, trimethylene glycol, 1,3-butylene glycol, tetram- 
ethylene glycol, glycerol, sorbitol, sucrose, and bisphe- 
nol A. The polyfunctional amine is selected from, for ex- 
ample, ethylenediamine : diethylenetriamine, pipera- 
zine, ethanolamine, and propanolamine. These poly- 
functional alcohols and polyfunctional amines can be 
mixed for adjusting viscosity at a time of manufacturing 
rigid polyurethane foam. 

(Third Embodiment) 

[0085] FIG. 3 is a cross-sectional view showing an in- 
sulator cabinet in a process of manufacturing a refriger- 
ator in this embodiment, and FIG. 4 shows a perspective 
view of a refrigerator including the insulator cabinet. In 
FIG. 3, 7 denotes an insulator cabinet composed of an 
inner liner 8 and an outer case 9. A rigid polyurethane 
foam material is injected in a space 10 inside the insu- 
lator cabinet 7, then the insulator cabinet 7 is housed in 
a jig 11 so that the material of rigid polyurethane foam 
is reacted and cured at a temperature from 35 to 60°C 



for 6 minutes. Subsequently, the foamed material is tak- 
en out from the jig 11 and assembled with other mem- 
bers to make a refrigerator. 

[0086] For manufacturing rigid polyurethane foam 12, 

5 a premix is prepared by mixing 1 00 weight parts of pol- 
yetherpolyol (OH value: 450mgKOH/g) obtained in the 
Second Embodiment with 3 weight parts of a catalyst, 
3 weight parts of a surfactant agent. 20 weight parts of 
foaming agent (cyclopentane), and 0.5 weight parts of 

10 a reaction adjusting agent (formic acid), and subse- 
quently machine-mixing with c-diphenylmethane diiso- 
cyanate or with p-diphenylmethane diisocyanate. Here, 
the catalyst is "Kaoriser No. 1" supplied by Kao corp., 
and the surfactant agent is a siiicone-based M F-317" 

15 supplied by Shin-Etsu Chemical Co., Ltd. After integral 
foaming of the rigid polyurethane foam 12, the insulator 
cabinet is assembled with freezing system members 
such as a compressor and a condenser (not shown) and 
some other plastic interior members (not shown) so that 

20 a refrigerator 13 is provided. The rigid polyurethane 
foam is injected in a cabinet of a refrigerator in a condi- 
tion as shown in FIG. 3. The right-hand region in FIG. 3 
corresponds to the bottom while the left-hand corre- 
sponds to the top of a refrigerator in use. 

25 

(Fourth Embodiment) 

[0087] FIG. 5 is a flow chart to show a method of pre- 
paring raw materials according to a Fourth Embodiment 

30 of the present invention. 

[0088] A process of treating waste is explained below. 
Further explanation is omitted for treatments corre- 
sponding to those of First and Second Embodiments. 
[0089] In this embodiment, the waste is a scrapped 

35 refrigerator including rigid polyurethane foam produced 
by foaming a tolylene diisocyanate composition. This 
waste is treated in the same manner as described in the 
First Embodiment, mixed with ethylene glycol and heat- 
ed in a recycling stage 4. Then, the waste is filtered to 

to remove particles of impurities and decomposed at 
260°C, 20MPa, so that amines (p-tolyienediamine) and 
a starting compound (polyetherpolyol) of rigid poly- 
urethane foam are produced. Subsequently, water is 
evaporated. 

45 [0090] In a following stage 5 of manufacturing raw ma- 
terials, the decomposition product, i.e., a residue of wa- 
ter removal, is fractionated by a fractional distillation 
means 46 in order to obtain some ingredients such as 
tolylenediamine. From the tolylenediamine, tolylene di- 

50 isocyanate is synthesized in a well-known method using 
a synthesizing system 47A. Polyetherpolyol (residue) is 
used as it is to manufacture rigid polyurethane foam 
(system 47B). 

[0091 ] The OH value of the polyetherpolyol is not spe- 
55 cifically limited. In point of view of hardness of rigid poly- 
urethane foam to be manufactured, the OH value is pref- 
erably from 380 to 500mgKH/g when tolylene diisocy- 
anate is used. 
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[0092] Alternatively, the fractionated ingredient 
(tolylenediamine) can be used as a starting material to 
be fed to addition polymerization system 47 (FIG. 2) with 
ethylene oxide and/or with propylene oxide. The thus 
obtained amine-based polyol can be used for manufac- 
turing rigid polyurethane foam according to the present 
invention. 

(Fifth Embodiment) 

[0093] FIG. 6 is a cross-sectional view showing an in- 
sulator cabinet in a process of manufacturing a refriger- 
ator according to this embodiment, and FIG. 7 shows a 
perspective view of a refrigerator including the insulator 
cabinet. In FIG. 6, 14 denotes an insulator cabinet com- 
posed of an inner liner 8 and an outer case 9. A rigid 
polyurethane foam material is injected in a space 10 in- 
side the insulator cabinet 7, then the insulator cabinet 7 
is housed in a jig 11 so that the material of rigid poly- 
urethane foam is reacted and cured at a temperature 
from 35 to 60°C for 8 minutes. Subsequently, the 
foamed material is taken out from the jig 11 in order to 
be assembled with other members to make a refrigera- 
tor. 

[0094] For a raw material of rigid polyurethane foam, 
a premix is prepared by mixing 135 weight parts of 
tolylene diisocyanate and 100 weight parts of a residue 
(polyetherpolyol having OH value of 450mgKOH/g) with 
3 weight parts of a catalyst, 3 weight parts of a surfactant 
agent, 20 weight parts of a foaming agent (cyclopen- 
tane) and 0.5 weight parts of a reaction adjusting agent 
(formic acid). The premix is mixed by a machine to pro- 
duce rigid polyurethane foam 15. The catalyst and the 
surfactant agent are the same as described in the Third 
Embodiment. After integral foaming of the rigid poly- 
urethane foam, the insulator cabinet 14 is assembled 
with freezing system members such as a compressor 
and a condenser (not shown) and some other plastic 
interior members (not shown) so that a refrigerator 16 
is provided. 

(Sixth Embodiment) 

[0095] FIGs. 8 and 9 show refrigerators according to 
this embodiment. In FIGs. 8 and 9, numeral 13 and 16 
denote refrigerators comprising insulators of rigid poly- 
urethane foam 12 and 15 respectively. The rigid poly- 
urethane foam 12 is made from a diphenylmethane di- 
isocyanate composition, while the rigid polyurethane 
foam 15 is made from a tolylene diisocyanate composi- 
tion. Numeral 17 and 18 denote display labels stuck on 
the outer cases of the refrigerators, and these labels in- 
dicate the materials of the rigid polyurethane foam. 
[0096] The display labels 17 and 18 can be records 
such as smart media and bar codes, so that the record- 
ed information can be read to select a suitable method 
of treating the rigid polyurethane foam when the refrig- 
erator is shredded. 



[0097] In the present invention , various means can be 
applied to identify raw materials of rigid polyurethane 
foam contained in refrigerators, such as attaching either 
a display label or a bar code, though the means is not 

5 specifically limited. The materials can be identified de- 
pending on the color tones, and identification on color 
tones is most preferred in the present invention. The 
color tone identification is not limited to only the natural 
color of the raw materials, but pigment can be added to 

10 the rigid polyurethane foam. 

[0098] It is preferable that the identifying means is dis- 
played or recorded on the outer case of the refrigerator, 
especially in a back area of a top plate or on a seal cap 
of an injection hole formed in the backside of a refriger- 

15 ator, since rigid polyurethane foam as an insulator is ar- 
ranged in the backside of a typical refrigerator. An iden- 
tifying means applied to a front part or a door of the re- 
frigerator can be lost, since the door often is taken off 
from the refrigerator body during a shredding stage. 

20 Moreover, sensor functions for identification can be hin- 
dered since stickers may be applied on side panels or 
on the front part of the top plate in a home use. When 
an identifying means is provided in the interior of the 
refrigerator, an interior search sensor will be required, 

25 and this will make the identification difficult. On the other 
hand, the backside of a refrigerator is positioned in the 
vicinity of a wall, so that the identifying means in most 
cases can be retained in the original state. Therefore, 
there is no substantial risk of hindrance for the sensor 

30 function. 

[0099] The identifying means in the present invention 
is not limited to those for identifying a tolylene diisocy- 
anate composition, a diphenylmethane diisocyanate 
composition and a mixture thereof. The means is pro- 
35 vided by varying color tones to indicate raw materials of 
rigid polyurethane foam and to help waste treatment. 

(Seventh Embodiment) 

40 [0100] FIG. 10 shows a refrigerator 20 provided with 
a means to indicate that the refrigerator includes rigid 
polyurethane foam made from a tolylene diisocyanate 
composition according to the present invention. The re- 
frigerator 20 is manufactured by injecting rigid poly- 

45 urethane foam 1 9 made of a tolylene diisocyanate com- 
position, and a display label 21 to indicate use of the 
tolylene diisocyanate composition is attached to the re- 
frigerator 20. 

50 (Eighth Embodiment) 

[0101] FIG. 11 shows a refrigerator 23 provided with 
a means to indicate that the refrigerator includes rigid 
polyurethane foam made from a diphenylmethane diiso- 
55 cyanate composition according to the present invention . 
Rigid polyurethane foam 22 injected and molded to 
manufacture the refrigerator 23 in FIG 1 1 is colored with 
a pigment or the like to indicate that a diphenylmethane 
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diisocyanate composition is used. 
(Ninth Embodiment) 

[0102] FIG. 12 shows a refrigerator 25 provided with 
a means to indicate that the refrigerator includes rigid 
polyurethane foam made from a tolylene diisocyanate 
composition and a diphenylmethane diisocyanate com- 
position according to the present invention. The refrig- 
erator 25 is manufactured by injecting and molding rigid 
potyurethane foam 24 made of a tolylene diisocyanate 
composition and a diphenylmethane diisocyanate com- 
position, and a display label 26 to indicate use of the 
tolylene diisocyanate composition is attached to the re- 
frigerator 25. Furthermore, the rigid polyurethane foam 
24 is colored with a pigment or the like to indicate that 
a tolylene diisocyanate composition and a diphenyl- 
methane diisocyanate composition are used. 

(Tenth Embodiment) 

[0103] FIG. 13 is a flow chart showing a process of a 
Tenth Embodiment of the present invention. The proc- 
ess comprises a stage of discriminating refrigerators 
manufactured by filling rigid polyurethane foam of a 
tolylene diisocyanate composition; a stage of decom- 
posing the rigid polyurethane foam into a starting com- 
pound and amines by a chemical treatment in supercrit- 
ical or sub-critical water; a stage of fractionating thus 
obtained amines for separating the amines from the ma- 
terial compound; and a stage of re-synthesizing a 
tolylene diisocyanate compound from tolylenediamine 
(a main ingredient of the amines). 

(Eleventh Embodiment) 

[0104] FIG. 14 is a perspective view of a refrigerator 
28 according to an Eleventh Embodiment of the present 
invention. The refrigerator 28 has an insulator of rigid 
polyurethane foam 27. The rigid polyurethane foam 27 
contains polyol as a starting compound of rigid poly- 
urethane foam obtained in the decomposing stage, and 
also a tolylene diisocyanate composition produced in 
the stage of re-synthesizing of isocyanate in the Tenth 
Embodiment. 

(Twelfth Embodiment) 

[0105] FIG. 15 is a flow chart showing a process of a 
Twelfth Embodiment of the present invention. The proc- 
ess comprises a stage of discriminating refrigerators 
manufactured by filling rigid polyurethane foam of a 
diphenylmethane diisocyanate composition; a stage of 
decomposing the rigid polyurethane foam into a starting 
compound and amines by a chemical treatment in su- 
percritical or sub-critical water; and a polyol re-synthe- 
sizing stage to obtain polyetherpolyol by addition polym- 
erization of the thus obtained decomposition product 



with ethylene oxide and/or propylene oxide. 
(Thirteenth Embodiment) 

5 [0106] FIG. 16 is a perspective view of a refrigerator 
31 in a Thirteenth Embodiment of the present invention. 
The refrigerator 31 in FIG. 16 includes an insulator of 
rigid polyurethane foam 30 containing a tolylene diiso- 
cyanate composition and polyetherpolyol produced in 

10 the polyol re-synthesizing stage in Twelfth Embodiment 
of the present invention. A display label 32 is attached 
to the refrigerator 31 in order to indicate that a tolylene 
diisocyanate composition is used. 

15 (Fourteenth Embodiment) 

[0107] FIG. 17 is a flow chart showing a process of a 
Fourteenth Embodiment of the present invention. The 
process comprises a stage of discriminating refrigera- 
te tors manufactured by filling rigid polyurethane foam of 
a tolylene diisocyanate composition and a diphenyl- 
methane diisocyanate composition; a stage of decom- 
posing the rigid polyurethane foam into a starting com- 
pound and amines by a chemical treatment in supercrit- 
25 ical or sub-critical water; a stage of fractionating thus 
obtained amines for separating the amines from the 
starting compound; an isocyanate re-synthesizing stage 
to synthesize a tolylene diisocyanate composition from 
tolylenediamine (a main ingredient of the amines); and 
30 a polyol re-synthesizing stage to obtain polyetherpolyol 
by addition polymerization of thus obtained decomposi- 
tion product with ethylene oxide and/or propylene oxide. 

(Fifteenth Embodiment) 

35 

[0108] FIG. 18 is a perspective view of a refrigerator 
34 according to a Fifteenth Embodiment of the present 
invention. The refrigerator 34 in FIG. 18 includes an in- 
sulator of rigid polyurethane foam 33 containing a 

40 tolylene diisocyanate composition produced in the iso- 
cyanate re-synthesizing stage of the Fourteenth Em- 
bodiment and polyol produced in the polyol re-synthe- 
sizing stage in the same embodiment of the present in- 
vention. A display label 35 is attached to the refrigerator 

45 34 in order to indicate that a tolylene diisocyanate com- 
position is contained. 

(Sixteenth Embodiment) 

50 [0109] FIG. 19 is a perspective view of a refrigerator 
37 according to a Sixteenth Embodiment of the present 
invention. The refrigerator 37 in FIG. 19 includes an in- 
sulator of rigid polyurethane foam 36 containing a 
tolylene diisocyanate composition produced in the iso- 

55 cyanate re-synthesizing stage of the Fourteenth Em- 
bodiment and polyol produced in the polyol re-synthe- 
sizing stage in the same embodiment of the present in- 
vention. The rigid polyurethane foam 36 is colored with 
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a pigment to indicate use of the tolylene diisocyanate 
composition. A transparent film is used for a seal cap 
38 of the injection hole formed on the backside of the 
refrigerator 37 : so that the color tone of the rigid poly- 
urethane foam 36 can be identified. 



Claims 



wherein a crude material is obtained by shredding 
a scrapped refrigerator comprising rigid poly- 
urethane foam in order to separate a lump of rigid 



polyurethane loam; grinding the rigid polyurethane 
foam lump into a rigid polyurethane foam powder; 
liquefying the rigid polyurethane foam powder by 
aminolysis reaction or by glycolysis reaction; and 
5 reacting the liquefied rigid polyurethane foam pow- 

der with either supercritical water or sub-critical wa- 
ter in order to decompose the rigid polyurethane 
foam powder; wherein 

the crude material is fractionated, and a frac- 
tionated ingredient is subjected to addition po- 
lymerization with at least one of ethylene oxide 
and propylene oxide in order to synthesize a 
polyetherpolyol, or wherein 
the crude material is fractionated, and a frac- 
tionated ingredient is used as a starting mate- 
rial to synthesize an isocyanate, preferably 
wherein the crude material is obtained by de- 
composing rigid polyurethane foam of a 
tolylene diisocyanate composition. 

7. The method according to any of the claims 1 to 5, 
wherein the crude material obtained in the decom- 
position stage is subjected to addition polymeriza- 
tion with at least one of ethylene oxide and propyl- 
ene oxide in order to synthesize a polyetherpolyol, 
preferably wherein the crude material is obtained 
by decomposing rigid polyurethane foam of a diphe- 
nyimethane diisocyanate composition. 

8. A method of manufacturing a refrigerator, compris- 
ing: 

shredding a scrapped refrigerator comprising 
< rigid polyurethane foam in order to separate a 
lump of rigid polyurethane foam; 
grinding the rigid polyurethane foam lump into 
a rigid polyurethane foam powder; 
liquefying the rigid polyurethane foam powder 
by aminolysis reaction or by glycolysis reaction; 
reacting the liquefied rigid polyurethane foam 
powder with either supercritical water or sub- 
critical water in order to obtain a crude material; 
fractionating the crude material into a fraction- 
ated ingredient and a residue; 
mixing isocyanate prepared from the fraction- 
ated ingredient as an initiator, the residue, a 
surfactant agent, a catalyst and a foaming 
agent; 

injecting the mixture in a gap between an inner 
liner and an outer case of the refrigerator; and 
foaming and curing the mixture. 

9. The method according to claim 8, wherein the rigid 
polyurethane foam is made from a tolylene diisocy- 
anate composition. 

10. A method of manufacturing a refrigerator compris- 



1. A method of manufacturing a raw material of rigid 10 
polyurethane foam, comprising: 

shredding a scrapped refrigerator comprising 
rigid polyurethane foam in order to separate a 
lump of rigid polyurethane foam; 15 
grinding the rigid polyurethane foam lump into 
a rigid polyurethane foam powder; 
liquefying the rigid polyurethane foam powder 
by aminolysis reaction or by glycolysis reaction; 
and 20 
reacting the liquefied rigid polyurethane foam 
powder with either supercritical water or sub- 
critical water in order to decompose the rigid 
polyurethane foam powder. 

25 

2. The method according to claim 1 , wherein the rigid 
polyurethane foam powder is liquefied by being 
mixed with an additive and heated, and the additive 
comprises at least one compound selected from 
ethylene glycol, propylene glycol, monoeth- 30 
anolamine andtolylenediamine, preferably wherein 
the ratio of the additive to the rigid polyurethane 
foam is from 0.4 : 1 to 5.0 : 1, by weight, and the 
reaction temperature is from 100 to 250 °C. 

35 

3. The method according to any of claims 1 or 2, 
wherein the ratio of either the supercritical water or 
the sub-critical water to the liquefied rigid poly- 
urethane foam powder is from 0.4 : 1 to 5.0 to 1 , by 
weight, and the liquefied rigid polyurethane foam *o 
powder is reacted with the supercritical water or the 
sub-critical water at a temperature ranging from 1 90 
°C to 400 °C under a pressure ranging from 10 to 
25 MPa. 

45 

4. The method according to any of the claims 1 to 3, 
wherein an average particle diameter of the rigid 
polyurethane foam powder is 1 u.m to 3 mm. 

5. The method according to any of the claims 1 to 4, so 
wherein the rigid polyurethane foam is made from 
either a diphenylmethane diisocyanate composition 
or a tolylene diisocyanate composition. 

6. The method according to any of the claims 1 to 5, 55 
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ing rigid polyurethane foam as an insulator wherein 
the rigid polyurethane foam is provided by 

shredding a scrapped refrigerator comprising 
rigid polyurethane foam in order to separate a 5 
lump of rigid polyurethane foam; 
grinding the rigid polyurethane foam lump into 
a rigid polyurethane foam powder; 
liquefying the rigid polyurethane foam powder 
by aminolysis reaction or by glycolysis reaction; 10 
reacting the liquefied rigid polyurethane foam 
powder with either supercritical water or sub- 
critical water in order to obtain a crude material; 
subjecting the crude material to addition polym- 
erization with at least one of ethylene oxide and 15 
propylene oxide in order to synthesize a poly- 
etherpolyol used as an ingredient; 
mixing the synthesized polyetherpolyol with a 
surfactant agent, a catalyst, a foaming agent 
and isocyanate; 20 
injecting the mixture in a gap between an inner 
liner and an outer case of the refrigerator; and 
foaming and curing the mixture. 

1 1 . The method according to claim 1 0, wherein the rigid 25 
polyurethane foam is made from a diphenylmeth- 
arie diisocyanate composition. 

12. A refrigerator manufactured by filling rigid poly- 
urethane foam, provided with a label to identify the 30 
type of rigid polyurethane foam material. 

13. The refrigerator according to claim 12, wherein the 
identified material is a rigid polyurethane foam man- 
ufactured by using a material containing at least one 35 
composition selected from a tolylene diisocyanate 
composition, adiphenylmethane diisocyanate com- 
position and a mixture thereof, and the material is 
identified with color tones. 

40 

14. The refrigerator according to claim 12 or claim 13, 
wherein the material of the rigid polyurethane foam 
is displayed or recorded on a seal cap covering an 
injection hole formed on an outer case or backside 

of the refrigerator. 45 

15. The refrigerator according to any of the claims 12 
to 14, comprising an insulator of rigid polyurethane 
foam manufactured by a method according to any 

of claims 1 to 7. 50 
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